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(54) Synchronization in spread spectrum communication 


(57) A receiving apparatus Is used in a mobile com- 
munication system which transmits and receives spread 
spectrum signals between a base station and a rrKDbile 
station. In the receiving apparatus, the timing detection 
region of a spread spectrum signal Is set in accordance 
with the intermittent receiving period. If it is difficult for 
ithe nK>blle station to establish synchronization with the 
base station over a long intermittent receiving period 
due to errors accumulated in the oscillator of the mobile 


station, the window sending as the search area Is ex- 
panded. Accordingly, the capability of detecting the tim- 
ing is increased, and errors of the oscillator are compen- 
sated. Thus, re-synchronizing operation and intermit- 
tent receiving operation are reliably performed. As a 
consequence, even by the use of a k>w-precision and 
simple-structured oscillator in the mobile statktn, a k>w- 
powered receiving apparatus in whk:h an intermittent re- 
ceiving operation having a longer period Is performed is 
provided. 
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Description 

The present invention relates to a receiving apparatus and a receiving method in which a receiving operation is 
intenmittently perlomned. More particularly, the invention relates to a receding apparatus suitable for use in a nK)bile 
s communication system which performs communications according to, for example, a code division multiple access 
method. The invention also relates to with a receiving method for use in the at)ove type of receiving apparatus. 

Hitherto, in performing communications by sharing a single base station anriong a plurality of mobile stations, a 
communication method, such as frequency division multiple access, time division multiple access, or code division 
•multiple access, is employed in order to dvoid interference between the communication lines of the individual mobile 
10 stations. Each of the above methods has advantages and disadvantages and is thtis selected according to the intended 
purpose of the use of the communication system. 

For exanple, in the code division muttiple access (hereinafter referred to as "CDMA*) method, a modulated wave 
of the same carrier frequency is spread into a wider band than the original band by utilizing a specific code (hereinafter 
referred to as 'Pseudo-random Noise sequence (PN) code*) assigned to each fine. The above frequency spread is 
IS referred to as the "spread spectrum technique'. Then, the respective modulated waves processed by the spread spec- 
trum technique are multiplexed and then transmitted. On the receiving side, the received spread spectrum signal is 
synchronized with the same PN code as that of the transmitting side which is suppHed via a predetermined line. Thus, 
only a desired line can be identified. 

In the spread spectrum technique, the same PN code as that of the transmitting side with respect to the phase of 
20 a receiving signal as well as its pattern, is required for despreading the signal. Thus, multiple access is made possible 
by changing the pattern or the phase of the PN code. In this manner, multiple access is implemented by varying the 
pattern or the phase of the code sequence of the spread spectrum signal. This is referred to as the CDMA method. 

In the CDMA method, different PN signals are first assigned to the respective lines: The transmitting side multiplies 
the respective rrKdulated waves to be transmitted via the individual lines by the different PN codes, thereby performing 
spread spectrum. It should be noted that the sndividuai waves have been modulated in a predetermined manner prior 
to spread spectrum processing. The modulated waves processed by the spread spectrum technique are then multi- 
plexed and transmitted. 

The receiving side multiplies the receiving signal transmitted from the transmitting side by the same PN code as 
that assigned to the predetermined line while synchronizing the signal with the PN code. This makes it possible to 
30 demodulate the modulated wave transmitted only through a desired line. 

In. this manner, according to the CDMA method, communications can be directly established between the trans- 
mitting side and the receiving side if the same code is set on both sides. Moreover, in the CDMA method, sprisad 
spectrum is performed, as discussed above, on the modulated waves by using the different PN codes assigned to the 
individual lines. This allows the receiving side to demodulate the spread spectrum signal transmitted only via a prede- 
35 termined line, and additionally, PN codes are .pseudo random sequence codes, thereby ensuring communication pri- 
vacy. 

Further, in the mobile communication system using the CDMA method, the base statbn on the transmitting side 
repeatedly transmits a PN code for al towing a mobile station to establish and r^aintain synchronization and to reproduce 
the clock. The PN code, which is repeatedly transmitted from the transmitting side, Is referred to as "a pilot signal". 
40 The mobile station on the receiving side then detects the respective pilot signals transnhitted from a plurality of base 
stations and allocates the detected timings to the respective demodulators. It should be noted tfiat a PN code is gen- 
erated within the demodulators of the rTK)bile station. Each demodulator then multiplies at an allocated timing the spread 
/spectrum signal transmitted from a desired base station by the P|N code, thereby demodulating the receiving signal. 
Namely, in the nrK>bile comrnunication systiam using the CDMA method, the respective base stations transmit PN 
4s codes having different timings as pilot signals. In response to the transmitted pilot sigrtals. the mobile station detects 
the timing of the pilot signal supplied frorti a desired base statipn and synchronizes the PN code generated in the 
demodulator of the mobHe station with the detected tinriing. As a consequence, the spread spectrunri signal transmitted 
only from a desired base station be correctly dernodulated. 

Althoijgh the Individual base statioris respectively transmit the PN codes having different timings, as discussed 
so above, all the PN codes have the same code pattern. A timing difference between the pilot signals transmitted from 
the respective base s^tations appears to be a difference between the PN codes. 

In the mobile station, while being in the standby position, an intemfiittent receiving operation may be performed to - 
' save power. In the mobile communication system using the CDMA method, the btenmitlent receiving operation is 
performed in the folbwing manner. Prior to the start of a receiving zone, pilot signals are obtained to re-establish 
. 'SS' synchronization with the respective base stations. The detected timings are then assigned to the respective demodu- 
lators. Upon completing the receiving zone, the mobile station interrupts the receiving operation, thus losing synchro- 
nization with the base, stations. Thus, signals can be intermittently received by the mobile station by repeating the 
. .above-descrit>ed operation. With a longer period of the intermittent receiving zone (in other words, if a non-receiving 
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zone is longer), more effective power conservation is expected. 

However, the above-described intermittent receiving operation presents the folbwing problems. In the CDMA mo- 
bile station, with a longer period of the intermittent receiving zone (if the non-receiving zone is longer), errors made by 
the oscillator within the mobile station are accumulated, thereby increasing the possibility of failing to establish syn- 
chronization with the pilot signal (i.e., failing to estableh syrw^hronization with the pilot signal (i.e., failing to detect the 
timing) prbr to the intermittent receiving operatkDo. Namely, the intermittent receiving operation cannot be accurately 
performed. 

The aforementioned problem may be solved by using a high-precision oscillator. This, however, increases the cost 
oi the mobile station, which serves as a receiving apparatus. On the other hand, without using a high-precision oscillator. 
It Is very dIfficuR for the rTK)bile station to perform the oitenmittent receiving operation having a longer period.. It is thus 
hard to obtain a low-powered receiving apparatus. 

According to one aspect of . the present invention, there is provided a receiving apparatus for use In a nrK)bile 
communication system which transmits and receives spread spectrum signals between a base station and a mobile 
station according to a code division multiple access technique. The receiving apparatus includes timing detection 
means for detecting, in re-synchronizing with the rTK)bil8 communication system, a timing of a pilot signal transmitted 
from the base station by using the pilot signal and a spread spectrum signal generated corresponding to the pibt signal. 
Intermittent receiving means performs an intermittent receiving operation based on the timing detected by the timing 
detection means. Control means sets, in accordance with an intermittent receiving period set In the intermittent receiving 
means, a region of the spread spectrum sigrtal within which the timing is detected by the timing detection means. 

According to another aspect of the present vwention, there is provided a receiving method for use in the at)ove 
type of receiving apparatus. The receiving method includes the steps of detecting, In re-synchroniztng with the mobile 
communication system, a timing of.a pilot signal transmitted from the base station by using the pilot signal and a spread 
spectrum signal generated corresponding to the pilot signal, and of performing an intermittent receiving operation 
based on the. timing detected in the detection step, the timing being detected by setting a timing detection region in 
accordance with an intermittent receiving period of the intermittent receiving operation. 

The hereinafter described embodiment of the present invention can provide a low-powered. receiving apparatus 
In which an Intermittent receiving operation having a longer period can be performed in a mobile station even by the 
use of a bw-precislon and'siniple-structured oscillator, and can also provide a receiving method for use in the above 
type of receiving apparatus. 

Errors of the oscillator are accumulated over a long intermittent receiving period, which may fail to establish syn- 
chronization. Thus, the precision of the timing detecting operation, for example, the detection capability used as the 
search area, is set according to the intermittent receiving period, thereby compensating for errors of the oscillator of 
the mobile station. As a result, a bw-powered intermittent receiving operation can be performed even over a long 
intermittent receiving period. 

To allow better understanding, the following description of an embodiment of the present invention is given by way 
of non-imitative example in with reference to the drawings, in which: 

Fig. 1 is a block diagram illustrating the essential portion of a receiving apparatus according to an embodiment of 
the present invention; 

Fig. 2 illustrates the intermittent receiving operation performed by the receiving apparatus shown in Fig. 1 ; 
Fig. 3 illustrates the pilot-signal detecting operation performed by the receiving apparatus shown in Fig. 1 ; and 
Fig. 4, whk^h is comprised of Figs. 4A, 4B^ arui 40, Illustrates a variation in the resolutbn used In providing the PN 
code correlation by the receiving apparatus shown in Fig. 1 . 

An embodiment of the present invention is described In detail bebw with reference to the drawings, tn this em- 
bodiment, the intermittent receiving operation performed in the iS-95 method, which is a standardized method of the 
CDMA communication system in the United States, is discussed. 

Fig. 1 illustrates a rrK)bile-station receiving apparatus using the intermittent receiving method according to an enri- 
bodiment of. the present Invention. In the mobile-station receiving apparatus, a signal SI received via an anterma 11 
is converted into a basebartd signal S2 by t>eing sequentially processed In an anteruia sharing unit 1 2, a high-frequency 
amplifier 13, and an orthogonal detection circuit 14. The analog baset>and signal S2 is then converted into a digital 
signal in an analog4o<ngitat (A/D) converter (not shown), arKf is further supplied to a plurality of demodulators 16a, 
1 6b, and 1 6c and a timing detector 17. 

The timing detectoir 17 detects from the baseband signal 52 the pilot signals transmitted from the base statiorts. 
To perform the detecting operation, the timing detector 17 generates a PN code in a built-in PN generator 20d. The 
timing detector 17 also assigns the timings detected based on the pibt signals to the derrxxjulators 16a, 16b, and 16c 
via a controller 20. The derhodulators 16a, 16b, and 16c respectively demodulate the baseband signal 82 at the as- 
signed timings, so as to obtain demodulated sigrials S3,.S4, and 85, whk:h are then supplied to a synthesizer 1 9. More 
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specifically, demodulation Is performed In the following manner The demodulators 16a, 16b, and 16c respectively 
generate PN codes within bullt-rn PN generators 20a. 20b. and 20c. and multiply the baseband signal S2 by the gen- 
erated PN codes at the above-described timings. 

Each base station transmits a PN code at a timing Inherent in its own station. Accordingly, the timing presented 

5 by the pilot signal is synchronized with the PN code generated In the demodutetor, and the baseband signal S2 Is 
demodulated by using the synchronized PN code. This makes it possible to selectively denrKxJulate the signals trans- 
mitted only from a predetermined base station. Synchronizing the timing presented by the pilot signal with that of the 
PN code generated in the demodulator is referred to as 'locking*. 

As noted above, the demodulators 16a, 16b, and 16c demodulate the supplied baseband signal S2 by using the 

10 different PN codes. This is because of the following reason. Signals transmitted from base stations do not always pass 
through transmission channels of a fixed propagation length. Instead, some signals pass through transmissk)n channels 
of different path lengths by reflecting from obstacles, such as buildings, and are then received by a receiving apparatus. 
A plurality of reflection waves received via a plurality of transmission channels are referred to as "multipath' transmis- 
sion. Due to multlpath transmission, a plurality of demodulators 16a, 16b, and 16c are required in the receivrig appa- 

15 ratus, which is operable according to the number of paths or the number of receivable base stations. In the mobile- 
' slatbn receiving apparatus illustrated In Fig. 1, the signal SI received via transmissron channels of three different 
paths (namely, received at three different timings) Is demodulated by the respective demodulators 16a, 16b, and 16c. 

The synthesizer 19 Inputs and synthesizes the demodulated signals S3, S4, and S5 obtained through multipath 
transmissk)n. Prior to synthesizing, since the signals S3, S4, and S5 have been demodulated at the different timings, 

20 the synthesizer 1 9 synchronizes the timrigs of the demodulated signals S3, S4, and S5 with each other. As a conse- 
quence, the synthesizer 19 generates receiving data SB having a high signako-notse ratio and a high signal-to-inter- 
ference ratk> and outputs it to the sut^sequent stage of a circuit system. 

Further, in addition to the receiving circuit, the mobile-station receiving apparatus shown in Rg. 1 has a transmitting 
circuit. Transmitting data S7 is supplied to a modulator 18 in which spread spectrum and offset Quadrature Phase Shift 

2B Keying (QPSK) processing are executed on the data S7 to produce a modulated signal S8; The modulated signal S8. 
is then amplified in a high-frequency amplifier 1 5 and is radiated after sequentially passing through the antenna sharing 
unit 1 2 and the antenna 1 1 . 

The intecmittent receiving operation performed by the n)obile-statk)n receiving apparatus is schematically shown 
in Fig. 2. Upon establishing initial synchronization with the base station by supplying power, a system time, which is 
. 30 time information used in the CDMA system, is obtained. The system time is maintained and updated both in the mobile 
station and the base station. The start timing and the end timing of the intermittent receiving operation performed by 
the mobile station are determined based on the system time. More specif k:ally, the receiving time is divided into slots 
(paging channel slots) in units of BO msec, and the nfK>bile station receives only the assigned sbt. The period T of the 
intermittent receiving operation in units of 1 .28 seconds is determined by the following equatkwi. 

3S 

T= 1.28x2' (1 = 0. 1,... 7) 

Thus, the shortest Intermittent perkxJ is 1 .28 seconds (equal to 16 slots), and the longest intermitterit pieriod is 163.84 

40 . seconds (equal to 2048 slots). 

Rg. 2 is an example of the intermittent receiving operatbn havlfig the shortest intermittent period, i.e., 1 .28 secorKis, 
and sk>t number 6 is assigned to this mobile station. The subsequent receiving sUA assigned to the rriobile istation is 
22 (= 6 4- 16). For assessing the interm'rttent period and the assigned sk>t numt>er in the mobile statk>n, it is necessary 
to receive the control message transmitted from the base statkxi and to artafyze it. Such an imtemiittent-perkxf assess- 

.4$ . ment means is implemented by the demodulators 16a, 16b, and 16c and ieceivhg<xxitroi software (le., the functkxi 
of the controlfer 20). 

In the intermittent receiving operatk>n perfonined in sbt ninmber 6 Incfkated by the k>wer portkm of Rg. 2, in order 
to properly receive the receiving sbt zone assigned to the mobile station, the mobile statbn shouki be resynchronized 
with the CDMA system prior to the receiving sbt. This re-synchronizing operatbn is indk:ated by the hatched portbn 
so , in the lower portion of Fig. 2. The re-synchronlzing operation is perfonmed by the timing detector 1 7 and the controller 20. 
The re-synchronizing operatbn can be performed, for example, by the lolbwing procedure. 

1 . detecting the timing of the prevbusly received pibt signal (perfonmtng partial searching operation); and 
:2. assigning a new turning to the demodulator by utilizing the detected timing of the prevbus pibt signal. 

ss 

The above-described partial searching operation Is more specifically discussed with reference to Fig. 3. As has 
been discussed in the description of the related art, according to the CDMA method, the base station repeatedly trans- 
mits a PN code, which is referred to as the pibt signal In the IS-95 method, the length (the period) of the PN code is 
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2^^ (= 3276B ch'rps). The chip indicates the unit of codes "0* and '1 " representing information bits which are spread by 
the spread spectrum technique. In this case, the code ('0" and T) generation pattern is repeated with a 2^^ (= 32768 
chips) period. 

In the mobile station, the same PN code pattem as that generated by the base station is produced to establish 
5 correlation with the PN code pattem which is currently being received, thereby detecting the timing of the PN code. 
More specifically, the timing detector 1 7 o1 the rTK>bile station shifts, as shown in Fig. 3. the PN code generation liming 
provided \n the PN code generator 20d within the search area (timing area) set as the window W, thereby repeatedly 
correlating the above PN code with the receiving PN code indicated by the upper portion of Fig. 3. 

However, it takes time for the mobM station to check correlatbn of the PN code for a whole perkxi (32766 chips). 
10 Nonrtjally, therefore. correlatk)n with respect to only part of the PN code is checked. The number of chips to be partially 
correlated is referred to as "the number of chips to be multiplied^. A greater number of chips to be multiplied requires 
more time to detect the timing of the pilot signal, but on the other hand, the timing can be detected with higher preciskxi. 
Conversely, a smaller number of chips to be multiplied requires less time to detect the timing of the pilot signal, but the 
precision of detecting the timing is decreased. 
75 In the delecting operatbn illustrated in Fig. 3, when the intermittent receiving period is 1 .28 seconds, the number 

of chips to be multiplied is set to be 256. and the search area containing 40 chips, which serves as the window W, is 
set. At the lower portion of Fig. 3, as the search result within the window W, the phase correlation energy is represented 
on the vertical axis. The phase correlation energy is determined as follows. Energy '1 * is added w^en a given chip of 
the generated PN code coinckies with the corresponding chip at the same timing of the received PN code (for example, 
20 "1 * and "1 * or '0' and "O"). Thus, at the timing tON at which the generated PN code and the received PN code are in 
phase, the phase correlatkin energy becomes maximum. The timing tON is used as the pik>t signal timkig detected as 
the result of the partial searching operatnn. 

Based on the pilot signal timing detected by the timing detector 17, the controller 20 assigns new timings to.the 
demodulators 16a, 16b. and 16c, as stated in procedure 2 of the above-described re-synchronizing operation. 
2S As discussed in the descriptk)n of the related art, while synchronizatk)n is being k>st between the mobile station 

and the base statk)n in the non-receiving zone of the intemnittent receiving operation, the pitot signal timing which was 
previously received and recorded within the mobile station deviates from the actual current timing in response to the 
length of the non-receiving zone. This deviation is due to errors made by the oscillator within the mobile station. If such 
a deviation of the pilot signal timing is not contained within the window W as the partial search area shown in Fig. 3, 
30 re-synchronization with the CDMA system cannot be established. As a consequence, the slot assigned to the mobile 
station cannot be correctly received. 

Accordingly, in the mobile-station receiving apparatus of this embodiment, the controller 20 first judges the inter- 
mittent period of the intemaittent receiving operation. In accordance v/ith the obtained intermittent period, the controller 
20 variously sets the alx>ve-described partial search area of the window W used for detecting the timing by the timing 
35 detector 17, thereby determining the timing detection region. Thus, the pilot signal is reliably detected by the tirhing 
detector 17.. 

More specifically, when a longer intermittent period is set. the search area as the search window W is expanded, 
thereby increasing the detectk)n precision. As a consequence, the pilot signal is reliably detected even during a k)nger 
intermittent receiving operation in which errors of the oscillator are increasingly accumulated. 
40 As discussed above, there are eight values of perkxl T of the intermittent receiving operation, as expressed by T . 
= 1 .28 X 2< (i = 0, 1 , ... 7). A variation in the period T as the intermittent receiving period with respect to the partial 
searching area and the number of chips to be multiplied is shown in Table 1 . 


Table 1 


Intermittent receiving period (second) 

Partial searching area (W) (chip) 

Number of chips to be multiplied 

1.28 

40 

256 

2.56 

50 

256 

5.12 

60 

256 

10.24 

70 

256 

20.48 

80 

128 

' 40:96 

90 

128 

81.92 

100 

128 

163.84 

110 

128 


The intermittent receiving period may t>e selected by the user according to the efled of power saving or the intended 
purpose of use, or may be fixed by the manufacturer before shipping. Alternatively, the intermittent receiving perkxi 
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may be variously and automaticaliy changed by the controller 20 according to the condition of the received radio wave 
or the frequency of occurrence of communications. 

In whichever manner the intermittent receiving period is detennined, one of the above intermittent periods is set 
in the intermittent receiving operation. In the mobile-station receiving apparatus of this embodiment, the timing detection 
region is changed in accordance with the intenmittent receiving period. More specifically, as discussed above, the 
information conceming the search area as the window W used in the timing detector 1 7 and the information cor^erning 
the number of chips to be multiplied during the searching operation are detenmlned by the controller 20. The controller 
20 determines the area of the window W and the number of chips to be multiplied according to the intermittent receiving 
period, as shown in Table 1 . 

For example, when the intermittent receiving period is 1 .28 seconds, the window W is set to contain 40 chips, and 
the number of chips to be multiplied is set to be 256. Then, the searching operation, such as the one shown in Fig. 3, 
is started. Moreover, when the intermittent receiving period is 2.56 seconds, the window W is set to include 50 chips, 
and the nunrU)er of chips to be multiplied is set to be 256. When the intenmittent receiving period is 5.12 seconds, the 
window W Is set to contain 60 chips, and the number of chips to be multiplied is set to be 256. Further, when the 
intenmittent receiving period is a maximum of 1 63.84 seconds, the window W is set to include 110 chips, and the number 
of chips to be multiplied is set to be 1 28. 

In this manner, the area of the window W is increased with a longer intenmittent receiving period, thereby mak'aig 
it possible to cope with a greater anrK>unt of errors tmde by the oscillator. The pilot signal timing can thus be reliably 
[detected. Further, the number of chips to be multiplied is 256 when the intermittent receiving period is cbmparativery 
short. On the other hand, the number of multiply chip is 128 when the Intemnittent receiving period is relatively long. 
With this setting, the time required for expanding ttie window W with a long intermittent receiving period is offset by a 
small number of chips to be multiplied. Narnety, as discussed above, although a smaller number of chqps to be multiplied 
lowers the timing detection precision, it requires a shorter tinr^e for detecting the timing of the pilot signal. Thus, by 
combining a longer processing time caused by increasing the search area and a shorter processing time caused by 
decreasing the number of chips to be multiplied, the overall processing lime is not significantly increased. 

The window W and the number of chips to be multiplied are not restricted to the foregoing values in Table 1 . and 
they may be suitably set in accordance with the precision of the oscillator used in the receiving apparatus or the energy 
intensity of the pitot signal transmitted from the base station. 

Moreover, the timing detection region is changed by varying the area of the window W in this embodiment. However, 
other factors may be used to change the timing detection region, such as the number of chips to be multiplied or the 
resolution used in providing the correlation of the PN codes. 

The technique of changing the number of chips to be multiplied is as follows. In the foregoing embodiment, the 
number of chips to be multiplied is set to be 256 or 128 depending on a change in the area of the window W However, 
the wirKlow W may be fixed, and the number of chips to be multiplied may be changed according to the intemiittent 
receiving period. An increased number of chips to be multiplied reduces the possibility of erroneously detecting the 
timing, but lengthens the time required for detecting the timing. In contrast, a decreased number of chips to be multiplied 
shortens the time required for detecting the timing, but increases the possibility of erroneously detecting the timing. 
Considering the above merits and demeritjs in light of the circumstances according to the length of the intermittent 
receiving period, the number of chips to be multiplied is suitably set In response to the intermittent receiving period. 

As another approach to changing the timing detection region, the technique of changing the resolution used in 
providing the correlation of the PN codes is now discussed. In. this technique, the amount of shifting the PN code 
generation timing is maOe variable. As discussed above with reference to Fig. 3. the PN code generated in the dennod-. 
mlator is repeatedly correlated with the receiving PN code while the PN code generation timing is being shifted within 
the search area set as the window W. The an^ount of shifting in the foregoing embodiment is set to be one chip. Fig.. 
4A shows the state ki which the PN code generation tBming is shifted in units of one chip. The anDount of shifting may 
be changed to, for example, a half (1/2) chip, as illustrated in Fig. 4B, or d quarter (1/4) chip, as shown in Fig. AC, This 
nDakes it possible to change the timing detection region. 

By elevating! the resolution (setting a more precise unit of shifting), the possibility of erroneously delecting the 
timing is reduced, ami the resolution used h detecting the timing is increased. However, the time required for detecting 
the timing is increased. Conversely, by lowering the resolution (setting a rougher unit of shifting), the time required for 
detecting the .timin^g is decreased. On the other hand, the possibility of enoneously detecting the timing is Increased. 
jarKi the resolution used in detecting the timing Is lowered. Namely, considering the above advantages and disadyah- 
tages» the resolution used in providing the cbirifelatlon of the PN codes is apjpropriately set in response to the intermittent 
receiving opereitioa 

With a wider resolution variable range (setting tlie maximum resolution to be high), the scale of hardware is dis> 
advantageously etnlarged, but the timing detecftkxt precision can be chariged more flexibly in accordance with the 
intenmittent receiving period. 

Although in the foregoing embodknent the IS-95 method is used as an example of 'the CDMA communk:ation 
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methods, any type of CDMA communication method may be employed in the present invention. 

As is seen from the foregoing description, the receiving apparatus of the present invention offers the following 
advantages. The timing detection region of a spread spectrum signal is set in response to the ntermittent receiving 
period. Accordingly, even if it is difficult to establish synchronization with the base station due to the accumulated errors 
of the oscillator over a longer intenmrttent receiving period, the errors of the mobile station can be conopensated. Thus, 
the re-syru:hronizing operation and the intermittent receiving operation are reliably ensured. This eliminates the need 
for the provision of an expensive high-precision oscillator, thereby reducing the cost of the receiving apparatus. Power 
savings are also enhanced because the receiving apparatus can be reliably used even with a longer intenfnrttent re- 
ceiving period. Further, the timing detection region (the window area) is merely changed to set the timing detection 
•precision, which can be very simply perfomned by using, for example, software. 


Claims 

1. A receiving apparatus for use in a nrK>bile communication system which transmits and receives spread spectrum 
signals between a base station and a mobile station using a code division multiple access technique, said receiving 
apparatus comprising: 

timing detection means (1 7) for detectsng, in re-synchronizing with said mobile cornmunication system, a timing 
of a pilot signal transmitted from the base station using said pilot signal and a spread spectrum signal generated 
to correspond to said pilot signal; 

intermittent receiving means (16) for perfonming an intermittent receiving operation based on the timing de- 
tected by said timing detection means (1 7); and 

control means (20) for setting, in accordance with an ihtenmittent receivfng period set in said ritemnrttent re- 
ceiving means (1 6), a region of the spread spectrum signal within which the timing is detected by said timing 
detection means (17). 

2. A receiving apparatus according to claim 1 , wherein said control means (20) sets the timing detection region by 
changing the size of a search area of the spread spectrum signal to be detected by said timing detection means (17). 

3. A receiving apparatus according to claim 1 or 2, wherein the search area of the spread spectrum signal is expanded 
in accordance with an ir^reased Intermittent receiving period. 

4. A receivirig apparatus according to any one of the preceding claims, v^ereln said timing detection means (17) 
detects the timing of the pilot signal by providing correlation between a received spread spectrum code and a 
corresponding spread spectrum code to be generated in said receiving apparatus while the timing at which the 
spread spectrum code is generated is being shifted within a predetermined timing detection region. 

5. A receiving apparatus according to claim 4, wherein said timing detection means (17) detects the timing of the 
pilot signal by changinig the size of a region within which the spread spectrum code is to be correlated in accordance 
with the nntermittent receiving period. 

'is. A ireceiving apparatus accordirig to claiim 5, wherein said timing detection means (17) detects the timing of the 
pilot signal by inversely changing the size of the region within which the spread spectrum code is to t>e correlated 
In accordance with the intermittent receiving period. 

7. A receiving apparatus according to claim 5 or 6, wherein a search area of . the spread spectrum signal arKi the 
correlating regk>n of the spread spectrum code are adjusted In accordance with the intermittent receiving period. 

B. A receiving apparatus according to any one of the preceding claims, wherein said control means (20) sets the 
timing detection region by changing the resolution used in providing correlation of the spread spectrum signal by 
said timing detection means. 

id. A receiving apparatus according to claim B, wherein said control means (20) changes the resolution by varying an 
amount of shifting by which a spread spectrum code corresporuiing to the received spread spectrum code is to be 
generated. 

10. A receiving method for use in a receiving apparatus that Is used in a nmbile communication system which transmits 
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and receives spread spectrum signals between a base station and a mobile station using a code division multiple 
access technique, said receiving method comprising the steps of: 

detecting, when re*synchroni2ing with said wcbWe communication system, a timing of a pilot signal transmitted 
from the base station using said pilot signal and a spread spectrum signal generated to correspond to said 
pilot signal; and 

performing an intermittent receiving operation based on the timing detected in said detection step, the timing 
being detected by setting a timing detection region in accordance with an Intemirttent receiving period of the 
intermittent receiving operation. 

11. A receiving method according to claim 10, wherein the timing detection region is set by changing the size of a 
search area of the spread spectrum signal. 

12» A receiving method according to claim 11 , wherein the search area of the spread spectrum signal is expanded in 
accordarK:e with an Increased intermittent receiving period. 
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